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(57) ABSTRACT

A surface mount inductor includes a coil including a con-
ducting wire winding portion with both ends on the outer
circumference and a pair of extension portions that extend
from the outer circumference, a molded body containing a
metal magnetic powder and the coil embedded, and a pair of
outer terminals disposed on the molded body and connected
to the extension portions. The molded body has principal
surfaces, end surfaces, and side surfaces. One principal
surface serves as a mounting surface including a recessed
portion with an elevated region and a lowered region. The
coil is embedded in the molded body with the winding axis
of the winding portion parallel to the recessed portion, and
the pair of extension portions extend from the outer circum-
ference toward the mounting surface to be exposed at the
lowered region and connected to the pair of outer terminals
in the lowered region.

14 Claims, 4 Drawing Sheets
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SURFACE MOUNT INDUCTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of priority to Japanese
Patent Application No. 2018-075477, filed Apr. 10, 2018,
and Japanese Patent Application No. 2018-228012, filed
Dec. 5, 2018 the entire contents of both are incorporated
herein by reference.

BACKGROUND
Technical Field

The present disclosure relates to a surface mount inductor.
In particular, the present disclosure relates to a surface
mount inductor in which at least one coil is embedded in a
molded body.

Background Art

Regarding surface mount inductors used for power induc-
tors, for example, a surface mount inductor in which a coil
formed by winding a conducting wire is embedded in a
molded body containing a magnetic powder is used. In a
known surface mount inductor, for example, a coil including
a winding portion formed by winding a conducting wire
such that both ends are located on the outer circumference
and extension portions that extend from the outer circum-
ference of the winding portion is used. The end portions of
the extension portions of the coil extend to the side surfaces
of the molded body, and the end portions of the extension
portions are connected to outer terminals formed on the side
surfaces and the mounting surface adjacent to the side
surfaces of the molded body as described, for example, in
Japanese Unexamined Patent Application Publication No.
2009-267350.

In recent years, power inductors used for power supply
circuits have been required to have reduced sizes and
reduced weights in accordance with size reduction and
weight reduction of electronic apparatuses. In addition,
so-called compatibility with high current is required such
that a high current is allowed to flow at even a low voltage
in accordance with a reduction in the power supply voltage.
However, in the surface mount inductor in the related art, the
end portions of the extension portions of the coil extend to
the side surfaces of the molded body and are connected to
the outer terminals on the side surfaces of the molded body.
Consequently, current paths from connection portions of the
outer terminals connected to the extension portions of the
coil to the mounting surface of the molded body are
required. As a result, there are problems in that a reduction
in resistance for addressing a high current is difficult because
the length of the current paths increases and electric resis-
tance of the outer terminals increases. Meanwhile, when the
end portions of the extension portions of the coil are exposed
to the mounting surface, there is a problem in that the
reliability of a product is degraded because processing of the
end portions of extension portions of the coil becomes
complex, the strength of the end portions of the extension
portions is reduced, and variations in quality occur.

SUMMARY

Accordingly, the present disclosure provides a surface
mount inductor in which the resistance can be reduced and
the reliability can be improved.
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To address the above-described problems, a surface
mount inductor according to preferred embodiments of the
present disclosure includes a coil including a winding por-
tion formed by winding a conducting wire such that both
ends are located on the outer circumference and a pair of
extension portions that extend from the outer circumference
of the winding portion; a molded body which contains a
metal magnetic powder and in which the coil is embedded;
and a pair of outer terminals disposed on the molded body
and connected to the extension portions. The molded body
has a pair of principal surfaces opposite to each other, a pair
of end surfaces that are adjacent to the pair of principal
surfaces and that are opposite to each other, and side
surfaces that are adjacent to the pair of principal surfaces and
the pair of end surfaces and that are opposite to each other.
One of the principal surfaces serves as a mounting surface
that includes a recessed portion so as to have an elevated
region located at a relatively high position and a lowered
region located at a relatively low position. The coil is
embedded in the molded body such that the winding axis of
the winding portion becomes parallel to the recessed portion
of the mounting surface of the molded body, and the pair of
extension portions extend from the outer circumference of
the winding portion toward the mounting surface and are
arranged so as to be exposed at the lowered region of the
mounting surface and connected to the pair of outer termi-
nals in the lowered region.

According to the above-described aspect, the distance
between the extension portion of the coil and the outer
terminal portion mounted on the substrate can be reduced.
Therefore, the electric resistance of the outer terminal can be
reduced, complex processing of the end portion of the
extension portion of the coil is unnecessary and, thereby, the
reliability can be improved.

In another aspect, the mounting surface includes a region
connecting the elevated region to the lowered region, and the
extension portions extend so as to be exposed at the region
connecting the elevated region to the lowered region and at
the lowered region. According to this aspect, the electric
resistance of the connection portion between the extension
portion of the coil and the outer terminal can be reduced and,
in addition, the adhesion strength between the extension
portion and the outer terminal and the adhesion strength
between the outer terminal and the molded body can be
improved.

In another aspect, the molded body has end surfaces
adjacent to the mounting surface, and the outer terminals are
arranged so as to extend from the lowered region to the end
surfaces. According to this aspect, the adhesion strength
between the molded body and the outer terminal can be
further improved.

In another aspect, the extension portions are also exposed
at the end surfaces of the molded body, and the extension
portions are also connected to the outer terminals on the end
surfaces of the molded body. According to this aspect, the
connection area between the extension portion of the coil
and the outer terminal increases. Therefore, the electric
resistance of the connection portion between the extension
portion of the coil and the outer terminal can be further
reduced and, in addition, the adhesion strength between the
extension portion and the outer terminal can be improved.

In another aspect, the outer terminals extend along the
region connecting the elevated region to the lowered region
and along the lowered region. According to this aspect, the
adhesion strength between the molded body and the outer
terminal can be further improved.
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In another aspect, L1 is equal to L2, where the direction
in which the pair of end surfaces are opposite to each other
is denoted as an L-direction. The length in the L-direction of
the extension portion in the lowered region is denoted as L1,
and the length in the L-direction of the outer terminal in the
lowered region is denoted as [.2. According to this aspect,
the connection area between the extension portion and the
outer terminal increases. Therefore, the electric resistance of
the connection portion between the extension portion and
the outer terminal can be further reduced.

In another aspect, 1.2 is more than [.1, where the direction
in which the pair of end surfaces are opposite to each other
is denoted as an L-direction. The length in the L-direction of
the extension portion in the lowered region is denoted as L1,
and the length in the L-direction of the outer terminal in the
lowered region is denoted as [.2. According to this aspect,
the connection area between the outer terminal and the
molded body increases. Therefore, the adhesion strength
between the outer terminal and the molded body can be
improved.

Other features, elements, characteristics and advantages
of the present disclosure will become more apparent from
the following detailed description of preferred embodiments
of the present disclosure with reference to the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic perspective view showing a surface
mount inductor according to a first embodiment;

FIG. 2 is a schematic vertical sectional view of the surface
mount inductor shown in FIG. 1;

FIG. 3 is a schematic vertical sectional view showing a
magnified part of FIG. 2;

FIG. 4 is a bottom view showing another example of the
surface mount inductor according to the first embodiment;

FIG. 5 is a bottom view showing another example of the
surface mount inductor according to the first embodiment;

FIG. 6 is a schematic vertical sectional view of a surface
mount inductor according to a second embodiment; and

FIG. 7 is a schematic vertical sectional view showing a
magnified part of FIG. 6.

DETAILED DESCRIPTION

The embodiments according to the present disclosure will
be described below with reference to the drawings and the
like. Regarding drawings hereafter, the same members are
indicated by the same reference numerals and explanations
thereof may be omitted or simplified.

First Embodiment

A surface mount inductor according to the present
embodiment includes a coil including a winding portion
formed by winding a conducting wire around a winding axis
and extension portions that extend from the outer circum-
ference of the winding portion, a molded body which
contains a magnetic powder and in which the coil is embed-
ded, and outer terminals disposed on the molded body. The
molded body has a pair of principal surfaces opposite to each
other, a pair of end surfaces that are adjacent to the pair of
principal surfaces and that are opposite to each other, and
side surfaces that are adjacent to the pair of principal
surfaces and the pair of end surfaces and that are opposite to
each other. One of the principal surfaces serves as a mount-
ing surface that includes a recessed portion so as to have an
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elevated region located at a relatively high position and a
lowered region located at a relatively low position. The coil
is embedded in the molded body such that the winding axis
of the winding portion becomes parallel to the recessed
portion of the mounting surface of the molded body. The end
portions of the extension portions that extend from the
winding portion of the coil toward the mounting surface are
arranged so as to be exposed at the lowered region of the
mounting surface and connected to the outer terminals in the
lowered region.

FIG. 1 is a schematic perspective view showing a surface
mount inductor 1 according to the present embodiment when
viewed from the mounting surface side. The surface mount
inductor 1 includes a molded body 12 composed of a sealing
material containing a magnetic powder and a resin, and a
coil 11 formed by winding a conducting wire is embedded
in the molded body 12. FIG. 1 shows an example in which
the molded body 12 is a substantially rectangular parallel-
epiped. The molded body 12 has an upper surface 12a and
a bottom surface as a pair of principal surfaces opposite to
each other. The bottom surface corresponds to a mounting
surface 1256. In addition, the molded body 12 has a pair of
end surfaces 12¢ and 124 that are adjacent to the upper
surface 12a¢ and the mounting surface 1256 and that are
opposite to each other and has side surfaces that are adjacent
to the upper surface 124, the mounting surface 124, and the
pair of end surfaces 12¢ and 124 and that are opposite to
each other. The coil 11 is an air core coil and includes a
winding portion 11« in which the conducting wire is wound
in two stages while the inner circumferences are connected
to each other, and both ends of the conducting wire are
located on the outer circumference of the coil and a pair of
extension portions 116 and 11c¢ that extend from the outer
circumference of the winding portion 1la in directions
opposite to each other. The coil 11 is embedded in the
molded body 12 such that the winding axis A of the winding
portion 11a becomes parallel to the mounting surface 126 of
the molded body. A flat type wire having a substantially
rectangular cross section may be used for the conducting
wire.

The mounting surface 126 of the molded body 12 has a
groove-like recessed portion that extends parallel to the
winding axis A of the winding portion of the coil 11 and has
a first region 1215 that is composed of the bottom surface of
the recessed portion and that is located at a relatively high
position, a second region 1225 and a third region 1235 that
are located on both sides of the first region 1215 such that
the first region 1215 is arranged therebetween and that are
located at relatively lower positions (at positions lower than
the first region 1215), a fourth region 1245 that connects the
first region 1215 to the second region 1226 and that is
composed of the side surface of the recessed portion, and a
fifth region 12554 that connects the first region 1215 to the
third region 1235 and that is composed of the side surface of
the recessed portion. The fourth region 1245 and the fifth
region 1255 are disposed between the first region 1215 and
the second region 1225 and between the first region 1215
and the third region 1235, respectively, while being gently
inclined. One extension portion 116 extends from the outer
circumference of the winding portion 1la through the
molded body 12 and is bent such that the end portion is
exposed at the second region 1225 of the mounting surface
125b. The other extension portion 11¢ also extends from the
outer circumference of the winding portion 11a through the
molded body 12 and is bent such that the end portion is
exposed at the third region 1235 of the mounting surface
12b. Further, the extension portion 115 exposed at the
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second region 1225 is connected to a first outer terminal 13,
and the extension portion 11¢ exposed at the third region
1235 is connected to a second outer terminal 14. In this
regard, the fourth region 1245 and the fifth region 1255 may
be substantially perpendicularly disposed between the first
region 12156 and the second region 1225 and between the
first region 1215 and the third region 1235, respectively.

FIG. 2 is a schematic vertical sectional view of the surface
mount inductor 1 shown in FIG. 1 and shows an example
with the mounting surface at the bottom. FIG. 3 is a
schematic sectional view showing a magnified part of FIG.
2 and shows the relationship between the extension portion
and the outer terminal. The relationship between the exten-
sion portion and the outer terminal will be described with
reference to the extension portion 115. The bent extension
portion 115 extends toward the mounting surface 124,
extends along the fourth region 1245, and is exposed at the
second region 1226 and, in addition, the top end surface
1115 of the extension portion 115 is arranged so as to be
exposed at the end surface 12¢ adjacent to the mounting
surface 125. Meanwhile, the first outer terminal 13 extends
from the second region 1225 of the mounting surface 125 to
part of the end surface 12¢ adjacent to the mounting surface
1254 so as to have a substantially [.-shaped cross section and
is connected to the extension portion 116 exposed at the
second region 12256 and the end surface 12c.

The molded body 12 is formed of a sealing material
containing a magnetic powder and a resin. Examples of the
magnetic powder include metal magnetic powders with an
iron base of, for example, Fe, Fe—Si, Fe—Si—Cr, Fe—
Si—Al, Fe—Ni—Al, or Fe—Cr—Al, metal magnetic pow-
ders of an iron-free composition base, metal magnetic pow-
ders of another iron-containing composition base, metal
magnetic powders in an amorphous state, metal magnetic
powders having a surface covered with an insulator, for
example, glass, metal magnetic powders having a modified
surface, and fine nano-level metal magnetic powders and
mixtures of these. Examples of the resin include thermoset-
ting resins, for example, an epoxy resin, a polyimide resin,
and a phenol resin, and thermoplastic resins, for example, a
polyethylene resin and a polyamide resin, and mixtures of
these. There is no particular limitation regarding the size of
the molded body 12 as long as the size is suitable for surface
mounting. For example, the size may be L. (length) of about
2.5 mmxW (width) of about 2.0 mmxT (height) of about 2.0
mm. In the case in which the size of the molded body 12 is
L (length) of about 2.5 mmxW (width) of about 2.0 mmxT
(height) of about 2.0 mm, the depth of the recessed portion
that is the distance from the first region 1215 to the second
region 1225 or the third region 12354 is, for example, about
50 pm or more.

The surface mount inductor according to the present
embodiment may be produced by using, for example, the
following manufacturing method. The winding portion 11a
shown in FIG. 1 is formed by spirally winding a flat type
conducting wire that is provided with an insulating cover
and that has a substantially rectangular cross section in two
stages while both ends of the conducting wire along the
outer circumference are located opposite to each other and
the inner circumferences are connected to each other. Sub-
sequently, both ends of the conducting wire extend from
opposing sides of the outer circumference of the winding
portion toward the mounting surface and are bent in oppos-
ing directions so as to form the extension portions 115 and
11c¢ and to form the coil 11. Preferably, the resin used for the
insulating cover has high heat resistance, and examples
include a polyamide-based resin, a polyester-based resin,
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and an imide-modified-polyurethane resin. Regarding the
conducting wire, a round wire having a substantially circular
cross section or a wire having a substantially polygonal
cross section may be used.

Next, a sealing material (hereafter referred to as a molded
body material) is produced by mixing a metal magnetic
powder and a resin. Examples of the metal magnetic powder
include metal magnetic powders with an iron base of, for
example, Fe, Fe—Si—Cr, Fe—Si—Al, Fe—Ni—Al, or
Fe—Cr—Al, metal magnetic powders of an iron-free com-
position base, metal magnetic powders of another iron-
containing composition base, metal magnetic powders in an
amorphous state, metal magnetic powders having a surface
covered with an insulator, for example, glass, metal mag-
netic powders having a modified surface, and fine nano-level
metal magnetic powders. Examples of the resin include
thermosetting resins, for example, an epoxy resin, a poly-
imide resin, and a phenol resin, and thermoplastic resins, for
example, a polyethylene resin and a polyamide resin. The
molded body material is used, and a preliminary molded
body is produced in advance so as to include a bottom
portion, a winding shaft portion disposed on the bottom
portion for the purpose of inserting the winding portion, and
a wall portion disposed on the bottom portion to surround
the winding shaft portion, while notches for extension of the
extension portions are formed in the wall portion. The coil
11 is attached to the preliminary molded body such that the
extension portions are arranged along the outer side portion
of the wall portion of the preliminary molded body. This is
placed in a predetermined mold such that the winding axis
becomes parallel to the mounting surface of the molded
body, the mold being capable of providing the mounting
surface with a recessed portion. In addition, another pre-
liminary molded body is placed in the mold or the mold is
filled with the molded body material, and these are com-
pression-molded. Consequently, as shown in FIG. 1, the
molded body 12 in which the coil 11 is embedded and the
mounting surface 125 has the recessed portion is obtained.
The molding method is not limited to such a compression-
molding method, and a compacting method may be used.

Subsequently, a resin component present on the surface of
the portions, on which the outer terminals are to be formed,
of the mounting surface 126 of the molded body 12 is
removed by using a resin removal measure, for example,
laser irradiation, blast treatment, polishing, or the like.
Consequently, regions at which the metal magnetic powder
is exposed are formed in the mounting surface 125 of the
molded body 12. In addition, the insulation cover of the end
portions of the extension portions 116 and 11¢ of the coil 11
are removed by using the resin removal measure so as to
expose the conducting wire.

Further, the molded body 12 is subjected to plating
treatment so as to grow plating on the regions at which the
metal magnetic powder is exposed and on the conducting
wire of the mounting surface 125 of the molded body 12,
thereby, forming the first outer terminal 13 and the second
outer terminal 14. As a result, the first outer terminal 13 is
connected to the extension portion 115 of the coil 11, and the
second outer terminal 14 is connected to the extension
portion 11c¢ of the coil 11. In this regard, the first outer
terminal 13 and the second outer terminal 14 are formed on
the region at which the metal magnetic powder is exposed
and on the conducting wire of the mounting surface 126 of
the molded body 12 by forming a first plating layer of Cu,
forming thereon a second plating layer of Ni, and forming
thereon a third plating layer of Sn. There is no particular
limitation regarding the conductive material used for plating
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as long as the conductor is suitable for plating, and conduc-
tors other than Cu, Ni, and Sn, for example, silver and alloys
containing silver, may be used. The order of the conductors
used may be changed in accordance with the characteristics.
The first outer terminal 13 and the second outer terminal 14
may be composed of a single layer, two layers, or three or
more layers.

According to the present embodiment, the extension
portion of the coil can extend directly to the mounting
surface and be connected to the outer terminal and, there-
fore, the distance between the extension portion of the coil
and the portion that is mounted on the substrate of the outer
terminal is reduced. Consequently, the resistance of the
surface mount inductor can be reduced by reducing the
electric resistance of the outer terminal. For example, in the
related art, the direct current resistance of the surface mount
inductor, in which the end portions of the extension portions
of the coil extend to the side surfaces of the molded body,
outer terminals are disposed on the side surfaces of the
molded body and the mounting surface adjacent to the side
surfaces, and the end portions of the extension portions of
the coil are connected to the outer terminals, is 6.15 mg2,
whereas in the present embodiment, the direct current resis-
tance of the inductor can be reduced to 4.88 mQ. According
to the present embodiment, the coil is embedded in the
molded body such that the winding axis of the coil becomes
parallel to the mounting surface of the molded body. There-
fore, when the end portion of the extension portion extends
to the mounting surface, processing for deforming the end
portion of the extension portion to a great extent is unnec-
essary. For example, when the coil is embedded in the
molded body such that the winding axis of the coil becomes
perpendicular to the mounting surface of the molded body,
as in the related art, complex processing such as twisting,
crushing, or the like to deform the extension portion to a
great extent is required for the extension portion to extend to
the mounting surface. As a result, the mechanical strength of
the extension portion may be reduced so as to cause break-
age, or variations in the quality may occur. According to the
present embodiment, processing for deforming the end
portion of the extension portion to a great extent is unnec-
essary and, therefore, the reliability of the product can be
improved. Meanwhile, the mounting surface of the molded
body has the recessed portion and, thereby, the creepage
distance between the first outer terminal and the second
outer terminal can be increased by an amount corresponding
to the side surfaces of the recessed portion located between
the first region and the second region and between the first
region and the third region (the fourth region and the fifth
region) compared with the case in which the recessed
portion is not present. Therefore, a short circuit between the
outer terminals can be suppressed. Consequently, the with-
stand voltage of the surface mount inductor can be
improved. In addition, the mounting surface of the molded
body has the recessed portion, thereby suppressing the
substrate from coming into direct contact with the mounting
surface of the molded body, even when the substrate is bent.
Consequently, the influence of bending or vibration of the
substrate is reduced, thereby improving the reliability of the
surface mount inductor. Meanwhile, in the case in which the
surface mount inductor is mounted by being temporarily
fixed to the substrate by using an adhesive, the recessed
portion can be used as a space filled with the adhesive.
Therefore, the adhesion strength between the mounting
surface and the substrate can be improved, and the reliability
of the surface mount inductor can be further improved.
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The present embodiment shows an example in which the
mounting surface has the groove-like recessed portion that is
disposed parallel to the winding axis of the coil, and the
second region and the third region that are located at
relatively lower positions are formed on both sides of the
first region located at a relatively high position such that the
first region is arranged therebetween, but the present dis-
closure is not limited to this. For example, the mounting
surface may have a recessed portion and a relatively lowered
region may be disposed so as to surround a relatively
elevated region composed of the bottom surface of the
recessed portion. Alternatively, the recessed portion may be
circular in top view. The sizes of the second region and the
third region (i.e., areas on the mounting surface) may be the
same or different from each other.

In the present embodiment, the top end surface of the
extension portion 116 of the coil 11 is not necessarily
exposed at the end surface 12¢ adjacent to the mounting
surface 124, but it is preferable that the top end surface be
arranged so as to be exposed at the end surface 12¢ adjacent
to the mounting surface 124, as shown in FIGS. 2 and 3. The
exposure area of the extension portion of the coil can
increase. Therefore, the adhesion strength between the
extension portion of the coil and the outer terminal can be
improved and, in addition, the adhesion strength between the
outer terminal and the molded body can be improved.

In the present embodiment, the outer terminals have to be
disposed on at least the mounting surface, and it is preferable
that each of the outer terminals extend from the mounting
surface to the end surface adjacent to the mounting surface
so as to have a substantially L-shaped cross section, as
shown in FIGS. 1 and 2. The adhesion strength between the
outer terminal and the molded body can be further enhanced.
When the end portion of the extension portion of the coil is
exposed at the end surface, the connection area between the
extension portion and the outer terminal can be increased by
forming the outer terminal so as to have a substantially
L-shaped cross section and, therefore, the resistance
between the extension portion and the outer terminal can be
further reduced. In the case in which the outer terminal has
a substantially L-shaped cross section, the height H1 of the
portion that extends on the end surface, as shown in FIG. 2,
is preferably a quarter or more of the height HO of the
molded body 12 and more preferably a quarter or more and
ahalf or less from the viewpoint of the adhesion strength and
the resistance reduction. When the end portion of the exten-
sion portion of the coil is exposed at the end surface, it is
preferable that the length of the end surface portion of the
outer terminal be equal to the length of the mounting surface
portion.

As shown in FIG. 1, the molded body 12 has a pair of end
surfaces 12¢ and 124 that are in contact with the mounting
surface 125, that are a pair of end surfaces opposite to each
other, and that are arranged in a direction orthogonal to the
winding axis A. As shown in FIGS. 2 and 3, [.1 may be equal
to .2, where the direction in which the pair of end surfaces
12¢ and 12d are opposite to each other is denoted as an
L-direction, the length in the L-direction of the extension
portion 115 in the second region 12254 is denoted as L1, and
the length in the L-direction of the outer terminal 13 in the
second region 12256 is denoted as [2. FIG. 4 shows an
example thereof. FIG. 4 is a bottom view showing an
example of the surface mount inductor 1 and shows the state
of'the mounting surface. The lengths in the L-direction of the
extension portion 115 and the extension portion 11c¢ are the
same as the lengths in the L-direction of the first outer
terminal 13 and the second outer terminal 14, respectively.
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The electric resistance between the extension portion and the
outer terminal can be further reduced by increasing the
connection area between the extension portion and the outer
terminal.

On the other hand, as shown in FIG. 5, the lengths in the
L-direction of the first outer terminal 13 and the second outer
terminal 14 may be more than the lengths in the L-direction
of the extension portion 115 and the extension portion 11e¢,
respectively. In this case, the adhesion strength between the
molded body and the outer terminal can be improved.

FIGS. 4 and 5 show examples in which the lengths in the
L-direction of the extension portion 115 and the extension
portion 11c¢ are the same and the lengths in the L-direction
of the first outer terminal and the second outer terminal are
the same. However, the lengths in the L-direction of the
extension portion 115 and the extension portion 11¢ may be
different from each other, and the lengths in the [-direction
of' the first outer terminal and the second outer terminal may
be different from each other.

Second Embodiment

The present embodiment has the same configuration as
the first embodiment except that the extension portions of
the coil extend so as to be exposed at the fourth region and
the fifth region and be exposed at the second region and the
third region of the mounting surface.

FIG. 6 is a schematic vertical sectional view of a surface
mount inductor 2 according to the present embodiment and
shows an example with the mounting surface at the bottom.
FIG. 7 is a schematic vertical sectional view showing a
magnified part of FIG. 6 and shows the relationship between
the extension portion and the outer terminal. The relation-
ship between the extension portion and the outer terminal
will be described with reference to the extension portion
115. The bent extension portion 115 extends toward the
mounting surface 125 and is arranged so as to be exposed at
the fourth region 1245 and the second region 1225. Mean-
while, the first outer terminal 13 extends from the fourth
region 1245 to the second region 1225 and part of the end
surface 12¢ adjacent to the mounting surface 125 so as to
have a substantially L-shaped cross section and is connected
to the extension portion 116 exposed at the fourth region
1245 and the second region 1225.

According to the present embodiment, the following
effects are exerted because the extension portion is exposed
at the fourth region. When the molded body is molded,
positioning of the coil in the mold is performed by using the
position of the recessed portion disposed in the mold as the
reference of arrangement. Therefore, positioning of the coil
in the mold is readily performed and positional accuracy of
the end portion of the extension portion of the coil in the
molded body can be improved. In addition, the exposure
area of the extension portion can be increased by exposing
the extension portion at the fourth region. Consequently, the
adhesion strength between the extension portion and the
outer terminal can be further improved and, in addition, the
electric resistance between the outer terminal and the exten-
sion portion can be further reduced. The adhesion strength
between the outer terminal and the molded body can be
further improved. The adhesion strength to the substrate can
be further improved because solder fillet is formed on not
only the end-surface side of the outer terminal but also the
recessed-portion side of the outer terminal during mounting
on the substrate.

While preferred embodiments of the disclosure have been
described above, it is to be understood that variations and
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modifications will be apparent to those skilled in the art
without departing from the scope and spirit of the disclosure.
The scope of the disclosure, therefore, is to be determined
solely by the following claims.

What is claimed is:

1. A surface mount inductor comprising:

a coil including a winding portion formed by winding a
conducting wire, such that both ends are located on the
outer circumference, and a pair of extension portions
that extend from the outer circumference of the wind-
ing portion;

a molded body which contains a metal magnetic powder
and in which the coil is embedded; and

a pair of outer terminals disposed on the molded body and
connected to the extension portions,

wherein

the molded body has a pair of principal surfaces opposite
to each other, a pair of end surfaces that are adjacent to
the pair of principal surfaces and that are opposite to
each other, and side surfaces that are adjacent to the
pair of principal surfaces and the pair of end surfaces
and that are opposite to each other, one of the principal
surfaces serving as a mounting surface that is a lowest
surface of the molded body that includes a recessed
portion so as to have an elevated region located at a
relatively high position and a pair of lowered regions
located at a relatively low position on both sides of the
recessed portion, the pair of lowered regions connect-
ing the side surfaces to each other,

the coil is embedded in the molded body such that the
winding axis of the winding portion becomes parallel to
the recessed portion of the mounting surface of the
molded body,

the pair of extension portions extend from the outer
circumference of the winding portion toward the
mounting surface and are arranged so as to be exposed
at the pair of lowered regions of the mounting surface
and connected to the pair of outer terminals in the pair
of lowered regions,

the mounting surface includes a pair of inclined regions
connecting the elevated region to the pair of lowered
regions, and the extension portions extend to be
exposed at the pair of inclined regions connecting the
elevated region to the pair of lowered regions and at the
pair of lowered regions, and

the pair of inclined regions connecting the elevated region
to the pair of lowered regions are inclined to have
slopes measured from the elevated region to the pair of
lowered regions.

2. The surface mount inductor according to claim 1,

wherein

the molded body has end surfaces adjacent to the mount-
ing surface, and

the outer terminals are arranged so as to extend from the
pair of lowered regions to the end surfaces.

3. The surface mount inductor according to claim 2,

wherein

the extension portions are also exposed at the end sur-
faces, and

the extension portions are also connected to the outer
terminals on the end surfaces.

4. The surface mount inductor according to claim 3,
wherein the outer terminals extend along the pair of inclined
regions connecting the elevated region to the pair of lowered
regions and along the pair of lowered regions.

5. The surface mount inductor according to claim 3,
wherein
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L1 is equal to 1.2, where the direction in which the pair of
end surfaces are opposite to each other is denoted as an
L-direction,

the length in the L-direction of the extension portion in
each one of the pair of lowered regions is denoted as
L1, and

the length in the L-direction of the outer terminal in each
one of the pair of lowered regions is denoted as [.2.

6. The surface mount inductor according to claim 3,

wherein

L2 is more than L1, where the direction in which the pair
of'end surfaces are opposite to each other is denoted as
an L-direction,

the length in the L-direction of the extension portion in
each one of the pair of lowered regions is denoted as
L1, and

the length in the L-direction of the outer terminal in each
one of the pair of lowered regions is denoted as [.2.

7. The surface mount inductor according to claim 2,

wherein the outer terminals extend along the pair of inclined
regions connecting the elevated region to the pair of lowered
regions and along the pair of lowered regions.

8. The surface mount inductor according to claim 2,

wherein

L1 is equal to 1.2, where the direction in which the pair of
end surfaces are opposite to each other is denoted as an
L-direction,

the length in the L-direction of the extension portion in
each one of the pair of lowered regions is denoted as
L1, and

the length in the L-direction of the outer terminal in each
one of the pair of lowered regions is denoted as [.2.

9. The surface mount inductor according to claim 2,

wherein

L2 is more than L1, where the direction in which the pair
of'end surfaces are opposite to each other is denoted as
an L-direction,

the length in the L-direction of the extension portion in
each one of the pair of lowered regions is denoted as
L1, and

the length in the L-direction of the outer terminal in each
one of the pair of lowered regions is denoted as [.2.

10. The surface mount inductor according to claim 1,

wherein the outer terminals extend along the pair of inclined
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regions connecting the elevated region to the pair of lowered
regions and along the pair of lowered regions.
11. The surface mount inductor according to claim 10,
wherein
L1 is equal to .2, where the direction in which the pair of
end surfaces are opposite to each other is denoted as an
L-direction,
the length in the L-direction of the extension portion in
each one of the pair of lowered regions is denoted as
L1, and
the length in the L-direction of the outer terminal in each
one of the pair of lowered regions is denoted as 2.
12. The surface mount inductor according to claim 10,
wherein
L2 is more than [.1, where the direction in which the pair
of end surfaces are opposite to each other is denoted as
an L-direction,
the length in the L-direction of the extension portion in
each one of the pair of lowered regions is denoted as
L1, and
the length in the L-direction of the outer terminal in each
one of the pair of lowered regions is denoted as 2.
13. The surface mount inductor according to claim 1,
wherein
L1 is equal to .2, where the direction in which the pair of
end surfaces are opposite to each other is denoted as an
L-direction,
the length in the L-direction of the extension portion in
each one of the pair of lowered regions is denoted as
L1, and
the length in the L-direction of the outer terminal in each
one of the pair of lowered regions is denoted as 2.
14. The surface mount inductor according to claim 1,
wherein
L2 is more than [.1, where the direction in which the pair
of end surfaces are opposite to each other is denoted as
an L-direction,
the length in the L-direction of the extension portion in
each one of the pair of lowered regions is denoted as
L1, and
the length in the L-direction of the outer terminal in each
one of the pair of lowered regions is denoted as 2.

#* #* #* #* #*



